This study was performed on 50 human embryos and fetuses between 7 and 17 weeks of development. Reichert's cartilage is formed in the second pharyngeal arch in two segments. The longer cranial or styloid segment is continuous with the otic capsule; its inferior end is angulated and is situated very close to the oropharynx. The smaller caudal segment is in contact with the body and greater horn of the hyoid cartilaginous structure. No cartilage forms between these segments. The persistent angulation of the inferior end of the cranial or styloid segment of Reichert's cartilage and its important neurovascular relationships may help explain the symptomatology of Eagle's syndrome.
Introduction
Reichert's cartilage has been described as a continuous cartilaginous formation in the second pharyngeal arch and is the origin of several structures such as the styloid process of the temporal bone, the stylohyoid ligament and the lesser horns of the hyoid bone. The styloid process of the temporal bone is formed by the ossification of Reichert's cartilage; the portion of this cartilage between the styloid process and the lesser horn of the hyoid bone forms the stylohyoid ligament (Hamilton & Mossman, 1975; Corliss, 1979; Sperber, 1989; O'Rahilly & Müller, 1996; Sadler, 1996; Abramovich, 1997; Moore & Persaud, 1999; Avery, 2002; Larsen, 2003; Carlson, 2005) and corresponds to the cartilaginous segment called the ceratohyal segment (Stafne & Hollinshead, 1962; Frommer, 1974; Balbuena et al. 1997 ).
The styloid process and the stylohyoid ligament have been linked to Eagle's syndrome, which has a symptomatology characterized by the sensation of having a foreign body in the pharynx, causing difficult and painful swallowing and earache (Eagle, 1937 (Eagle, , 1948 (Eagle, , 1949 (Eagle, , 1958 . It has also been referred to as: styloid syndrome or stylohyoid syndrome (Steinman, 1968; Ettinger & Hanson, 1975; Messer & Abramson, 1975; Gossman & Tarsitano, 1977) , stylalgia (Patni et al. 1986 ), stylohyoid disorder (Schroeder, 1991) , neuralgia of the styloid process (Langland et al. 1982) , symptomatic mineralization of the stylohyoid-stylomandibular complex (MSSLC) (Correll et al. 1979 ) and cervicopharyngeal pain syndrome (Camarda et al. 1989a,b; Kay et al. 2001 ). In addition to the aforementioned symptomatology, it can also cause a lateral sore throat, vertigo, carotidynia, tinnitus, dysphonia (Correl & Wescott, 1982; Camarda et al. 1989a,b) , pain on turning the head (Babad, 1995) , reduced mandibular opening (Diamond et al. 2001) , changes in voice, pain on extending the tongue, hypersalivation sensation (Strauss et al. 1985; Baugh & Stocks, 1993) and even alterations in taste (Baddour et al. 1978; Kay et al. 2001) . Studies on the aetiology of this syndrome have consistently reported an elongated styloid process (Dwight, 1907; Balasubramanian, 1964; Lavine et al. 1968; Porrath, 1969; Goodman, 1981; Solfanelli et al. 1981; O'Carroll, of the population (Eagle, 1958; Kaufman et al. 1970; Handa, 1971) , although 7.8% (Correll et al. 1979) or 10.3% (Kaufman et al. 1970 ) present symptomatology.
The length of the adult styloid process is variable, and according to Frommer (1974) , the mean length is 3.17 cm; Yetiser et al. (1997) describe a normal length of 1.5-2.5 cm ; and Ferrario et al. (1990) , reported from X-ray measurements that the normal adult styloid process has a mean length between 2.5 and 3.2 cm.
A longer styloid process has been interpreted as being due to calcification or ossification of the stylohyoid ligament (Dwight, 1907; Graf, 1959; Balasubramanian, 1964; Lavine et al. 1968; Porrath, 1969; Kaufman et al. 1970; Goldstein & Scopp, 1973; Frommer, 1974; Boedts, 1978; Correl et al. 1979; McGinnis, 1981; Goodman, 1981; Solfanelli et al. 1981; O'Carroll, 1984; Monsour & Young, 1986; Patni et al. 1986; Ruprecht et al. 1988; Camarda et al. 1989a,b; Ferrario et al. 1990; Baugh & Stocks, 1993; Carroll, 1993; Fanibunda & Lovelock, 1997; Ommell et al. 1998; Blomgren et al. 1999; Bafaqeeh, 2000; Satyapal & Kalideen, 2000; Kay et al. 2001 ).
Several theories have been proposed to explain calcification of the stylohyoid ligament. These include degenerative changes undergone by the fibres of the stylohyoid ligament (Shenoi, 1972) , metaplasic alterations due to a traumatic stimulus that induces ossification of the stylohyoid ligament (Steinman, 1970) , either due to an anatomical variation in which the stylohyoid ligament is ossified in early stages (Steinman, 1970) (Table 1 ). In the fetuses, CRL ranged from 38 to 150 mm (weeks 9-17 of development) ( Table 2 ). The parameters used to determine gestational age were CRL, weight and cranial perimeter (O'Rahilly & Müller, 1996) . All specimens were obtained from 
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Results
Embryonic period
According to our observations, a well-defined cartilaginous structure has developed in the superior segment of the second pharyngeal arch in human embryos of O'Rahilly's stage 20 (Fig. 1 ).
This adopts an elongated morphology and crosses the pharyngeal arch in a caudoventromedial direction.
The cranial end of this cartilaginous structure is curved in a hook shape, is joined to the side of the otic capsule and resembles a prolongation from it ( Fig. 2A ).
In the area where the external carotid artery passes through the space between Reichert's cartilage and the tendon where the stylohyoid muscle originates, Reichert's cartilage changes direction and becomes angulated with its end pointing towards the midline (Fig. 2B-D) .
Caudal to this area, Reichert's cartilage is continuous with a mesenchymal cellular condensation where the cartilage has not formed. This mesenchymal structure, which forms an extension of Reichert's cartilage, is separated from the angle of the mandible by the styloglossus muscle and can be clearly distinguished from the cartilage of the third pharyngeal arch (Fig. 2E) . The mesenchymal condensation extends from Reichert's cartilage to the hyoid cartilaginous structure, finishing at the area where the body joins the greater horn.
At the end of the embryonic period, the small portion of the mesenchymal structure that terminates in the hyoid cartilaginous formation has been changed into cartilage (Fig. 2F) . At the end of the embryonic period, the cartilage of the second pharyngeal arch adopts the following arrangement:
• Cranial or styloid segment, longer and larger. This cartilaginous segment has two ends: the superior end, joined to the otic capsule, and the inferior end, which is angulated. This clear angulation occurs where the cartilage is in close proximity with the external carotid artery ( Fig. 2A-D) .
• Caudal or hyoid segment. This short cartilaginous segment terminates caudally in the hyoid cartilaginous structure between the body and the greater horn (Fig. 2F) . We found that between each segment no cartilage had formed. There is a mesenchymal condensation that joins the cranial segment with the caudal segment (Fig. 2E) . Table 1 summarizes the most important results found for the embryonic period.
Fetal period
During the fetal period, the superior end of the hookshaped cranial or styloid segment of Reichert's cartilage is still continuous with the inferior extension of the otic capsule. Both structures contribute to form the vertical portion of the facial nerve canal (Fig. 3A) .
Caudally, this segment of Reichert's cartilage is related to the tympanic bone (Fig. 3B ) and its first segment is orientated in a caudoventromedial direction (Fig. 3B ). This is followed by another segment that forms an angulation with the previous one that adopted a horizontal position (Fig. 3C ). This angulation, previously Fig. 2 Continued observed in the embryonic period, is located dorsally to the mandibular angle with its end pointing towards the oropharynx (Fig. 3D) . Its most important relationship in this region is with the glossopharyngeal nerve.
After crossing the inferior surface of the stylopharyngeal muscle, this nerve lies medial to the angulated end of Reichert's cartilage, running between this structure and the pharyngeal wall ( Figs 3D and 4B) .
At a post-conception age of 13 weeks, the angulation of the inferior end of the cranial or styloid segment may vary, giving rise to different degrees of angulation ranging from barely visible to extreme (Table 2 ; Figs 3C,D and 4A,B) . The lengths of this segment are also variable, giving rise to cranial segments that are closer to or further from the mandibular angle.
The caudal segments of Reichert's cartilage are found on both sides of the cartilaginous hyoid body with which they are in contact, constituting the lesser horns (Fig. 3E ).
Between the cranial segment of Reichert's cartilage, which will form the styloid process, and the segment that will constitute the lesser horn, no cartilage was found to have formed in the second arch, except in one case which presented a unilateral continuous cartilage on the left side ( Table 2 ). The mesenchymal condensation, which was present in the embryonic period, was observed at the start of the fetal period, but it then disappears and leaves no trace during the rest of the fetal period (Fig. 3F ).
During the fetal period studied, Reichert's cartilage was found to have three noteworthy relationships:
• With the pharynx, when angulation of the inferior end of the cranial or styloid segment persisted.
Depending on the degree of angulation, the end of the cartilage may be very close to the pharyngeal wall ( Figs 3C,D and 4B ).
• With the glossopharyngeal nerve. This nerve crosses medial to the inferior end of the cranial segment.
The more angulated this segment the closer the nerve crosses to its end ( Figs 3D and 4B ).
• With the external carotid artery. The artery surrounded by the external carotid nerves passes through the hiatus or space defined by Reichert's cartilage and the stylohyoid muscle. This takes place where Reichert's cartilage changes direction and begins to angulate (Fig. 4A-C) .
During the fetal period studied we did not find any differences in the morphological arrangement of the cartilage from each side in the same specimen.
We observed only one case with a unilateral continuous cartilage. Table 2 summarizes the most important results found for the fetal period.
Discussion
At the end of the embryonic period the cartilage of the second pharyngeal arch or Reichert's cartilage was found to have formed only in the superior and inferior segments of the arch. The longer cranial or styloid segment was continuous with the otic capsule. The shorter caudal segment was in contact with the hyoid cartilaginous formation. No cartilage had formed between these two segments, but a mesenchymal tissue was faintly seen to join the two cartilaginous segments. This morphological arrangement has not been described previously. We therefore consider that Reichert's cartilage does not constitute a continuous element, in contrast to the cartilage of the first pharyngeal arch In human development therefore there is no formation of a cartilaginous segment termed the ceratohyal (Lesoine, 1966; Stafne & Hollinshead, 1968; Arnould et al. 1969; Ommell et al. 1998 ) that, when it degenerates, leaves behind its fibrous sheath producing the stylohyoid ligament (Dwight, 1907; Stafne & Hollinshead, 1962; Hollinshead, 1969; Frommer, 1974; Hamilton & Mossman, 1975; Corliss, 1979; Sperber, 1989; Montalbetti et al. 1995; O'Rahilly & Müller, 1996; Sadler, 1996; Abramovich, 1997; Moore & Persaud, 1999) . The embryological theory that the perichondrium of Reichert's cartilage forms the stylohyoid ligament, or serves as a guide for its formation (Hamilton & Mossman, 1975; Corliss, 1979; Sperber, 1989; O'Rahilly & Müller, 1996; Sadler, 1996; Abramovich, 1997; Moore & Persaud, 1999; Avery, 2002; Larsen, 2003; Carlson, 2005) , should be studied again in light of our data.
In the fetal period, the morphology of Reichert's cartilage is clearly defined, presenting two areas or segments: one longer cranial segment that is joined to the otic capsule and the other shorter segment in contact with the hyoid cartilaginous structure. No cartilage forms between these two segments. We consider the existence of a unilateral continuous cartilage in one specimen to be exceptional and therefore to correspond to a variation. This could explain observations of isolated cases of complete stylohyoid chains (Satyapal & Kalideen, 2000; Gözil et al. 2001; Kay et al. 2001 ).
The suggestion made by Revilla & Stuyt (1989) that after the third intra-uterine month Reichert's cartilage is divided into five segments is totally at odds with our observations. In human development we have not observed the segmentation described to date of the stylohyoid apparatus: timpanohyal, stylohyal, ceratohyal and hypohyal (Lesoine, 1966; Stafne & Hollinshead, 1968; Arnould et al. 1969; Ommell et al. 1998) . We observed only the cranial segment of Reichert's cartilage that would correspond to the stylohyal segment and that corresponding to the lesser horn or the hypohyal segment.
The morphology of the cranial or styloid segment of Reichert's cartilage is of interest. As described, its inferior end presents variable degrees of angulation. When this angulation was pronounced, the tip of the angulated part reached the oropharyngeal wall. These observations made in relation to the morphology of Reichert's cartilage have not been previously reported.
In our opinion, the variability in form and length of the cranial segment of Reichert's cartilage gives rise to a styloid process of variable length that can be inclined as observed by Loeser & Cardwell (1942 ), Frommer (1974 , Baddour et al. (1978) , Ghosh & Dubey (1999) and Thot et al. (2000) . This is in accordance with research carried out by Lengele & Dhem (1989) , which shows that both long and short styloid processes present the same characteristics of calcified cartilage.
The relationships of the angulated inferior end of the cranial or styloid segment of Reichert's cartilage may explain the most frequent symptomatology associated with Eagle's syndrome. We consider that dysphagia and the sensation of a foreign body in the throat could be caused by the fact that the tip of the angulated end is sometimes very close to the pharyngeal wall. This is why Frommer (1974) observed that the direction and curvature of the styloid process were more important than its length.
The sore throat and pain around the area of distribution of the glossopharyngeal nerve (Loeser & Cardwell, 1942; Eagle, 1948; Shenoi, 1972; Frommer, 1974) , and even the possible alterations in taste (Baddour et al. 1978; Kay et al. 2001) , would be explained by the close association we have demonstrated between the nerve and Reichert's cartilage. According to Graf (1959) , while swallowing, the glossopharyngeal nerve could be pushed against the osseous spicule and be stimulated, producing a paroxysmal pain.
Carotid artery syndrome (Eagle, 1948) , a piercing pulsating pain in the side of the neck, which could be triggered on moving the neck (Koebke, 1976), would be explained by the relationship between Reichert's cartilage and the external carotid artery and the external carotid nerves that surround it.
